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HYPERFINE INTERACTIONS IN COPPER LATTICE SITES OF 
ANTIFERROMAGNETIC COMPOUNDS
S.Z. Zainabidinov1, A.V. Marchenko2, P.P. Seregin2, K.U. Bobokhuzhaev3
Молекуляр формулали икки валентли миснинг диэлектрик металл-оксидли бирикмасининг 
эмиссион 61Cu(61Ni) Мессбауэр спектри 61Ni ядросини миснинг кристалл панжара тугунларидаги локал 
майдонлар билан квадрупол ва Зееман ўзаро таъсирига мос келади. Шунингдек, ушбу бирикманинг 
ўта ўтказувчан металл-оксидли комплекси спектри эса 61Ni ядросининг электр майдон градиенти 
тензори билан ўзаро квадрупол таъсирига мос келади.
Калит сўзлар: антиферромагнитлар, юқори ҳароратли суперўтказувчилар, эмиссион Мессбауэр 
спектроскопияси, электр майдон градиент тензори.
Эмиссионные 61Cu(61Ni) Мессбауэровские спектры диэлектрических металло-оксидных 
соединений двухвалентной меди с молекулярными формулами соответствуют квадрупольному и 
Зеемановскому взаимодействиям ядер 61Ni с локальными полями в узлах решетки меди.А спектры, 
сверхпроводящих металл-оксидных комплексов соответствуют взаимодействию квадрупольного 
момента ядер 61Ni с тензором градиента электрического поля. 
Ключевые слова: антиферромагнетики, высокотемпературные сверхпроводники, эмиссионная 
Мессбауэровская спектроскопия, тензор градиента электрического поля.
Emission 61Cu(61Ni) Mössbauer spectra of dielectric metal-oxide compounds of divalent copper with mo-
lecular formulas correspond to the quadrupole and Zeeman interactions of the 61Ni nuclei with local fields at 
the copper lattice sites, whereas the spectra of superconducting metal-oxide complexes correspond to the 
interaction of the quadrupole moment of the 61Ni nuclei with the tensor of the electric field gradient.  
Keywords: antiferromagnets, high-temperature superconductors, emission Mössbauer spectroscopy, 
electric field gradient tensor
INTRODUCTION
Many superconducting metal-oxide compounds of 
divalent copper (high-temperature superconductors, 
HTSCs) were synthesized from their analogues rep-
resented by antiferromagnetic dielectric compounds, 
such as YBa2Cu3O6 [1], La2CuO4 [2], Nd2CuO4 [3], 
CaCuO2 [4], SrCuO2, Ca2CuO2Cl2 [6], and Sr2CuO-
2Cl2 [7], either by the method of heterovalent substitu-
tion of rare-earth metals or by changing the oxidation 
state of copper atoms. All these compounds are of 
interest both in terms of model systems with anisotro-
pic interaction and in terms of studying the possible 
relationship between magnetism and superconduc-
tivity.
Mössbauer spectroscopy on various isotopes 
(57Fe, 119Sn, 155Gd, 161Dy, and 170Yb) is widely used 
to study HTSCs based on copper metal-oxide com-
pounds [8]. Such studies are of most interest if the 
Mössbauer probe is located in the copper lattice sites. 
In particular, it was shown in [9] that the emission 
version of Mössbauer spectroscopy on the 61Cu(61Ni) 
isotopes is advisable to use in studying the combined 
magnetic and electric quadrupole interactions in the 
copper sites of the HTSC lattices. In this case, the 
61Ni2+ Mössbauer probe, which is formed after the ra-
dioactive decay of 61Cu, appears in the copper lattice 
sites, making the nuclear and atomic parameters of 
the probe most convenient for determining the pa-
rameters of the combined hyperfine interaction in 
these sites. In this study, the method of Mössbauer 
emission spectroscopy on the 61Cu(61Ni) isotopes is 
used to study the following superconducting and di-
electric compounds: Ca1–xSrxCuO2, Ca2CuO2Cl2, Sr-
CuO2, Sr2CuO2Cl2, YBa2Cu3O7–x, La2–xSrxCuO4, and 
Nd2–xCexCuO4. 
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EXPERIMENTAL
Polycrystalline samples of Ca1–xSrxCuO2 Ca2C-
uO2Cl2, SrCuO2, Sr2CuO2Cl2,  YBa2Cu3O7–x, La2–xS-
rxCuO4, and Nd2–xCexCuO4 were prepared using 
the methods described in [1–9]. The singlephase 
nature of the samples was controlled by X-ray dif-
fraction analysis. The critical temperatures of the 
superconducting YBa2Cu3O6.9, La1.85Sr0.15CuO4, and 
Nd1.85Ce0.15CuO4 samples were 78, 37, and 22 K, re-
spectively.
The 61Cu isotope was obtained by reaction 
61Ni(p, n)61Cu with subsequent chromatographic iso-
lation of the carrierless 61CuCl2 specimen. Mössbau-
er sources based on copper metal-oxide compounds 
were prepared by diffusion of the 61Сu isotope into 
final ceramics at temperatures of 500–650°C for 2 h 
in an oxygen atmosphere [9]. The activity of the 61Cu 
specimen and the short lifetime (about 4.5 h) make 
it impossible to obtain the Mössbauer spectrum of 
the required quality from one sample, and four to six 
samples were used to record one spectrum.
Emission 61Cu(61Ni) Mössbauer spectra were re-
corded on an SM 4201 TerLab spectrometer. Alloy 
Ni0.86V0.14 (surface density 1500 mg/cm2) served as a 
standard absorber. All spectra were recorded at 80 K.
RESULTS AND DISCUSSION
The experimental 61Cu(61Ni) Mössbauer spectra 
of the studied compounds are poorly resolved mul-
tiplets (see Fig. 1). 
In the spectra of the superconducting YBa2C-
u3O6.9, La1.85Sr0.15CuO4, and Nd1.85Ce0.15CuO4 com-
pounds, one should expect the results of interaction 
of the quadrupole moment of 61Ni nuclei with the elec-
tric field gradient (EFG) tensor at the copper lattice 
sites. In this case, the ground level of the 61Ni nucleus 
is split into two sublevels (spin moment I = 3/2, quad-
rupole moment 61grQ = 0.162 b [8]), and the excited 
level is divided into three sublevels (Iex= 5/2, 
61
exQ  = 
–0.2 b [8]). As a result, the experimental spectra were 
described as a superposition of five lines with an in-
tensity ratio of 10 : 4 : 1 : 6 : 9.
The spectrum of 61Cu(61Ni) impurity atoms in 
MgO, which was obtained at the preliminary stage of 
the study, was a single line (not shown in Fig. 1) with 
a half maximum width of G = 1.00(2) mm/s that slight-
ly exceeds the doubled natural width of the nuclear 
level of 61Ni (2Gnat = 0.78 mm/s). The broadening is 
explained by the finite surface density of the absorb-
er; in later processing of the experimental Mössbauer 
spectra, a value of 1 mm/s was taken as a fixed in-
strumental width of the spectral line.
 
Fig. 1. Emission 61Cu(61Ni) Mössbauer spectra of the La1.85Sr0.15CuO4 superconducting ceramics and the 
La2CuO4, SrCuO2, and Sr2CuO2Cl2 dielectric ceramics. 
 
Since dielectric complexes Ca1–xSrxCuO2, Ca2CuO2Cl2, SrCuO2,   Sr2CuO2Cl2, YBa2Cu3O6, 
La2CuO4, and Nd2CuO4 are antiferromagnetic com- pounds with high Néel temperatures [1–9], the 
structure of their Mössbauer spectra should be considered as combined quadrupole and Zeeman 
interactions of the 61Ni nuclei with local fields. This is detected in the obtained spectra as a substantial 
expansion of the velocity range, in which spectral lines are recorded. For a purely Zeeman coupling, the 
Mössbauer spectrum should be symmetrically split into twelve lines with an intensity ratio of 10 : 4 : 1 : 6 
: 6 : 3 : 3 : 6 : 6 : 1 : 4 : 10. In case of a combined magnetic and electric interaction, the Hamiltonian 
eigenvalues for each ground and excited level can be found from the following relation:  
 
ЕIт = mgH+ [eQUzz/4I(2I-1)][3m2 − I(I+1)] [(3 cos2θ−l)/2]               (1) 
 
Here, I is the nuclear spin, H is the magnetic field on the nucleus, Uzz is the principal component 
of the EFG tensor on the nucleus, θ is the angle between the main axis of the EFG tensor and the direction 
of the magnetic field, m is the magnetic quantum number, and g is the hydromagnetic ratio (for the 61Ni 
nucleus, g = –0.070083 mm/s T in the ground state and gex = 0.0268 mm/s T in the excited state [9]). 
Symmetric arrangement of the spectral lines is violated in this case. 
The calculated spectrum was fitted to the experimental one by the least squares method. The 
fitting parameters were the H and Uzz[(3cos2θ − 1)/2] param- eters of the Hamiltonian, which are common 
to bot nuclear levels, as well as the line intensities, rather than the positions of individual lines. In this 
case, the value of the (3cos2θ − 1)/2 factor was determined using the published data [9–16]. The line 
widths were taken equal to 1 mm/s, as described above. Since the range of isomeric shifts observed in the 
61Ni spectra is G, we made sure that the center of gravity of the calculated multiplet deviates by no more 
than 0.05 mm/s from the zero velocity. The agreement between the calculated and experimental spectra 
was estimated using the χ2 criterion.  
The results of processing the Mössbauer spectra are given as quadrupole coupling constant CNi= 
e 61grQ Uzz of the 61Ni ground state (for the excited state, it can be recalculated using the ratio of the 
quadrupole moments) and effective magnetic field H on the nucleus. No significant correlations between 
Fig. 1. Emission 61Cu(61Ni) Mössbauer 
spectra of the La1.85Sr0.15CuO4 supercon-
ducting ceramics and the La2CuO4, SrCuO2, 
and Sr2CuO2Cl2 dielectric ceramics.
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Since dielectric complexes Ca1–xSrxCuO2, Ca2C-
uO2Cl2, SrCuO2,   Sr2CuO2Cl2, YBa2Cu3O6, La2CuO4, 
and Nd2CuO4 are antiferromagnetic com- pounds 
with high Néel temperatures [1–9], the structure of 
their Mössbauer spectra should be considered as 
combined quadrupole and Zeeman interactions of 
the 61Ni nuclei with local fields. This is detected in the 
obtained spectra as a substantial expansion of the 
velocity range, in which spectral lines are recorded. 
For a purely Zeeman coupling, the Mössbauer spec-
trum should be symmetrically split into twelve lines 
with an intensity ratio of 10 : 4 : 1 : 6 : 6 : 3 : 3 : 6 : 
6 : 1 : 4 : 10. In case of a combined magnetic and 
electric interaction, the Hamiltonian eigenvalues for 
each ground and excited level can be found from the 
following relation: 
ЕIт = mgH+ [eQUzz/4I(2I-1)][3m
2 − I(I+1)] [(3 cos2θ−l)/2]               (1)
Here, I is the nuclear spin, H is the magnetic field 
on the nucleus, Uzz is the principal component of the 
EFG tensor on the nucleus, θ is the angle between 
the main axis of the EFG tensor and the direction of 
the magnetic field, m is the magnetic quantum num-
ber, and g is the hydromagnetic ratio (for the 61Ni nu-
cleus, g = –0.070083 mm/s T in the ground state and 
gex = 0.0268 mm/s T in the excited state [9]). Sym-
metric arrangement of the spectral lines is violated 
in this case.
The calculated spectrum was fitted to the exper-
imental one by the least squares method. The fit-
ting parameters were the H and Uzz[(3cos
2θ − 1)/2] 
param- eters of the Hamiltonian, which are common 
to bot nuclear levels, as well as the line intensities, 
rather than the positions of individual lines. In this 
case, the value of the (3cos2θ − 1)/2 factor was de-
termined using the published data [9–16]. The line 
widths were taken equal to 1 mm/s, as described 
above. Since the range of isomeric shifts observed 
in the 61Ni spectra is G, we made sure that the cen-
ter of gravity of the calculated multiplet deviates by 
no more than 0.05 mm/s from the zero velocity. The 
agreement between the calculated and experimental 
spectra was estimated using the χ2 criterion. 
The results of processing the Mössbauer spectra 
are given as quadrupole coupling constant CNi= e
61
grQ Uzz of the 61Ni ground state (for the excited state, 
it can be recalculated using the ratio of the quadru-
pole moments) and effective magnetic field H on the 
nucleus. No significant correlations between the ob-
tained values of H and C were found. In all studied 
antiferromagnetic compounds, the H values were in 
the range from 8.5 to 10.0 T.
When interpreting the CNi values, we used the 
known values of quadrupole coupling constant 
CCu=eQ
63Uzz for the 
63Cu centers, which were ob-
tained for the same materials by the nuclear mag-
netic resonance (NMR) method [14–16] (here, Q63 is 
the quadrupole moment of the 63Cu nucleus). Figure 
2 shows the cor- relation between CNi and |CCu| at the 
copper lattice sites of the copper metal-oxide com-
plexes (a small spin value of 63Cu does not allow us 
to determine the sign of CCu and, for that reason, the 
absolute value of this constant is indicated).
The points in Fig. 2 satisfactorily fit the following 
line:
                                 CNi= ‒0.31 |CCu| ‒ 32                                    (2) 
(hereinafter, the quadrupole coupling constant values are given in MHz).
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(hereinafter, the quadrupole coupling constant values are given in MHz). 
 
 
Fig. 2. Ratios between quadrupole coupling constant CNi for the 61Ni centers at the copper lattice sites 
and quadru pole coupling constant CCu for the 63Cu centers at the same sites. The copper sites in the 
lattices are designated by 1 in La1.85Sr0.15CuO4, 2 for Cu(2) in YBa2Cu3O7, 3 in La2CuO4, 4 for Cu(2) in 
YBa2Cu3O6, 5 in Nd2CuO4, and 6 in SrCuO2  
 
The presence of a correlation between the data for CNi and CCu indicates that they can be 
interpreted from a single point of view. For this purpose, we calculated the lattice EFG tensor parameters 
at the copper sites in all the studied materials. 
For both the 61Ni and 63Cu probes, the EFG on the nucleus is created by ions of the crystal lattice 
(lattice EFG) and the nonspherical valence shell of the probe atom (valence EFG) in accordance with the 
following formula: 
 
eQUzz = eQ(1 ‒γ)Vzz + eQ(1 ‒R)Wzz,   (3) 
 
where Q is the quadrupole moment of the atomic nucleus, Uzz is the principal component of the total EFG 
tensor, Vzz and Wzz are the z components of the lattice and valence EFG tensors in the studied lattice site, 
and γ and R are the Sternheimer coefficients for this probe. 
The lattice EFG tensor was calculated using the model of point charges and one needs to know 
only the unit cell parameters of the corresponding crystal (these data for the studied compounds are 
known [10– 13]) and the charges at all lattice sites to perform these calculations. The EFG tensor 
components were determined by the following formulas: 
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Fig. 2. Ratios between quadrupole coupling constant CNi for the 61Ni centers at the copper lattice sites and quadru 
pole coupling constant CCu for the 
63Cu centers at the same sites. The copper sites in the lattices are designated by 1 in 
La1.85Sr0.15CuO4, 2 for Cu(2) in YBa2Cu3O7, 3 in La2CuO4, 4 for Cu(2) in YBa2Cu3O6, 5 in Nd2CuO4, and 6 in SrCuO2 
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The presence of a correlation between the data 
for CNi and CCu indicates that they can be interpret-
ed from a single point of view. For this purpose, we 
calculated the lattice EFG tensor parameters at the 
copper sites in all the studied materials.
For both the 61Ni and 63Cu probes, the EFG on the 
nucleus is created by ions of the crystal lattice (lattice 
EFG) and the nonspherical valence shell of the probe 
atom (valence EFG) in accordance with the following 
formula:
             eQUzz = eQ(1 ‒γ)Vzz + eQ(1 ‒R)Wzz,                      (3)
where Q is the quadrupole moment of the atomic 
nucleus, Uzz is the principal component of the total 
EFG tensor, Vzz and Wzz are the z components of the 
lattice and valence EFG tensors in the studied lattice 
site, and γ and R are the Sternheimer coefficients for 
this probe.
The lattice EFG tensor was calculated using the 
model of point charges and one needs to know only 
the unit cell parameters of the corresponding crys-
tal (these data for the studied compounds are known 
[10– 13]) and the charges at all lattice sites to per-
form these calculations. The EFG tensor components 
were determined by the following formulas:
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where k is the index of summation over the sublat-
tices, i is the index of summation over the sublattice 
sites, q and p are the Cartesian coordinates, e*k are 
the charges of the atoms of the k th sublattice, and 
rki is the distance from the kith ion to the site under 
consideration. The Gppk and Gpqk lattice sums were 
calculated on a computer; the summation was per-
formed inside a sphere with a radius of 30 Å (a larger 
radius of summation gave no change in the results). 
When calculating Vzz, the choice of the model of 
charge distribution over the lattice sites is of funda-
mental importance. For dielectric oxides, the charges 
of the corresponding atoms were considered equal to 
their traditional valence numbers, as follows 
2 2 2 2
1 2Ca Sr Cu Ox x
+ + + −
− , 
2 2 2
2 2 2Ca Cu O Cl
+ + − − , 2 2 22Sr Cu O
+ + − , 2 2 22 2 2Sr Cu O Cl
+ + − − 2 2Cu O+ − ,
3 2 2 2
2 2 6Y Ba Cu(1) Cu(2) O
+ + + + − , 3 2 22 4La Cu O
+ + −  and 3 2 22 4Nd Cu O
+ + −
For superconducting oxides, the choice of models was based on the published data [8]: 
3 2 2 2 1.925
1.85 0.15 2 2La Sr Cu O(1) O(2)
+ + + − − , 3 4 1.85 2 21.85 0.15 2 2Nd Ce Cu O(1) O(2)
+ + + − −  and
3 1.98 2.04 2.1 2.06 1.99 1.88 1.32
2 2 2 2 2Y Ba Cu(1) Cu(2) O(1) O(2) O(3) O(4)
+ + + + − − − −
As obtained for all copper lattice sites, 0.55 < 
Vzz < 1.0 (hereinafter, Vzz is given in units of e/Å
3) 
and the asymmetry parameter of the lattice EFG 
tensor is 
η = (Vyy ─  Vxx)/Vzz= 0.
Figure 3 shows the relationship between the ex-
perimental CNi values for the 
61Ni2+ centers at the cop-
per lattice sites of the studied compounds and the 
calcu- lated values of the principal component of the 
lattice EFG tensor, Vzz , in the same lattice sites.
The dependence given in Fig. 3 is a linear depen-
dence and is determined by the following relation:
CNi= 49Vzz ‒ 81. (5)
As follows from relation (3), linear dependence (5) 
is a consequence of the identical value of the valence 
EFG component for the Ni2+ probe in the studied met-
al-oxide complexes of divalent copper. 
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where k is the index of summation over the sublattices, i is the index of summation over the sublattice 
sites, q and p are the Cartesian coordinates, e*k are the charges of the atoms of the k th sublattice, and rki is 
the distance from the kith ion to the site under consideration. The Gppk and Gpqk lattice sums were 
calculated on a com- puter; the summation was performed inside a sphere with a radius of 30 Å (a larger 
radius of summation gave no change in the results).  
When calculating Vzz, the choice of the model of charge distribution over the lattice sites is of 
fundamental importance. For dielectric oxides, the charges of the corresponding atoms were considered 
equal to their traditional valence numbers, as follows  
 
2 2 2 2
1 2Ca Sr Cu Ox x
   
 , 
2 2 2
2 2 2Ca Cu O Cl
    , 2 2 22Sr Cu O
   , 
2 2 2
2 2 2Sr Cu O Cl
    2 2Cu O  , 3 2 2 22 2 6Y Ba Cu(1) Cu(2) O
     , 3 2 22 4La Cu O
    and 
3 2 2
2 4Nd Cu O
    
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As follows from relation (3), linear dependence (5) is a consequence of the identical value of the 
valence EFG component for the Ni2+ probe in the studied metal-oxide complexes of divalent copper.  
 
 
Fig. 3. Dependence of quadrupole coupling constant CNi for the 61Ni centers at the copper lattice sites on 
principal component Vzz of the lattice EFG tensor at these sites. The designations of the copper sites in the 
lattices are given in Fig. 2, and the additional designations are 7 in Sr2CuO2Cl2, 8 in Ca2CuO2Cl2, 9 in 
Nd1.85Ce0.15CuO4, and 10 in Ca0.85Sr0.15CuO2. 
 
Moreover, a decrease in the |CNi| value with an increase in the Vzz parameter indicates that the 
valence and lattice contri- butions in formula (2) for the Ni2+ centers have opposite signs and that relation  
Fig. 3. Dependence of quadrupole coupling constant CNi for the 61Ni centers at the copper lattice sites 
on principal component Vzz of the lattice EFG tensor at these sites. The designations of the copper sites in 
the lattices are given in Fig. 2, and the additional designations are 7 in Sr2CuO2Cl2, 8 in Ca2CuO2Cl2, 9 in 
Nd1.85Ce0.15CuO4, and 10 in Ca0.85Sr0.15CuO2.
Moreover, a decrease in the |CNi| value with an 
increase i  the Vzz parameter indicates that the va-
lence and lattice contri- butions in formula (2) for the 
Ni2+ centers have opposite signs and that relation 
|(1 ‒ R)Wzz| > |(1 ‒ γ)Vzz| is fulfilled for the Ni
2+ centers 
at the copper lattice sites. Since the measured CNi 
values are negative, the value of e
61
grQ  (1 ‒ R)Wzz for 
the Ni2+ centers turns out to be negative and equal to 
–81(2) MHz when considering
that 61grQ > 0 for the ground state of the 61Ni nucleus. 
Figure 4 shows the dependence similar to that 
given in Fig. 3 for quadrupol  coupling constant CCu 
for the 63Cu2+ centers at the copper lattice sites as a 
function
of the above calculated principal component of 
the lattice EFG tensor in these sites. In the same way 
as in Fig. 2, the absolute values of CCu are given in 
Fig. 4
One can see that the dependence shown in Fig. 4 
is a linear dependence and is determined by relation 
                                            |CCu| = ‒150Vzz+ 153,                                               (6)
which is fulfilled for both superconducting and dielectric materials.
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CCu for the 63Cu2+ centers at the copper lattice sites as a function 
of the above calculated principal component of the lattice EFG tensor in these si es. In the same w y as in 
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One can see that the dependence shown in Fig. 4 is a linear dependence and is determined by relation  
 
|CCu| = ‒150Vzz+ 153,                                               (6) 
 
which is fulfilled for both superconducting and dielectric materials. 
 
 
 
Fig. 4. Dependence of the quadrupole coupling constant for the 63Cu centers in the copper lattice sites on 
the principal component of the lattice EFG tensor at these sites. The designations of the copper sites in the 
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Relation (3) means that linear dependence (6) is a consequence of the constant value of the 
valence EFG component for the Cu2+ probe in metal-oxide compounds of divalent copper. A decrease in 
the |CCu| with an increase in the Vzz paremeter indicates that the valence and lattice contributions in 
formula (3) have opposite signs and that |(1 ‒ R)Wzz| > |(1 ‒ γ)Vzz| for the Cu2+ centers. Since Vzz > 0, then 
Wzz < 0 and eQ63(1 ‒ R)Wzz = 153(2) MHz> 0 with eQ63 = ‒ 0.211 b [8]. Thus the EFGs calculated for the 
copper lattice sites made it possible to establish the sign of the quadrupole cou- pling constants at the Cu2+ 
centers inaccessible for direct measurements [14–16]. Hence, relation (6) can be written without the 
modulus symbols as follows: CCu = –150Vzz + 153. 
The principal values of the valence EFG, Wzz, can be estimated for both the Cu2+ and Ni2+ probes 
on the basis of the found valence contributions to the quad- rupole coupling constants, eQ(1 – R)Wzz, and 
the known quadrupole moments of the probes. If a typical value of 0.7 is adopted for (1 – R), then Wzz ≈ –
30 е/Å3 and Wzz ≈ –20 е/Å3 for Cu2+ and Ni2+, respectively. Indeed, their absolute values and their 
approximate equality for different matrices require quantummechanical calculations, but negative signs 
can be explained in terms of the crystal field model. 
In all the studied compounds, the nearest surrounding of the copper lattice sites is the square of 
O2– ions [10–13]. In this case, the splitting in a strong crystal field results in that the 2zd  orbital has the 
lowest energy level and the 
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orbital has the highest energy level. The electrons in these orbitals 
create valence EFGs on the nucleus with values of 34
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Relation (3) means that linear dependence (6) is 
a consequence of the constant value of the valence 
EFG component for the Cu2+ probe in metal-oxide 
compounds of divalent copper. A decrease in the 
|CCu| with an increase in the Vzz paremeter indicates 
that the valence and lattice contributions in formula 
(3) have opposite signs and that |(1 ‒ R)Wzz| > |(1 
‒ γ)Vzz| for the Cu
2+ centers. Since Vzz > 0, then Wzz 
< 0 and eQ63(1 ‒ R)Wzz = 153(2) MHz> 0 with eQ
63 = 
‒ 0.211 b [8]. Thus the EFGs calculated for the cop-
per lattice sites made it possible to establish the sign 
of the quadrupole cou- pling constants at the Cu2+ 
centers inaccessible for direct measurements [14–
16]. Hence, relation (6) can be written without the 
modulus symbols as follows: CCu = –150Vzz + 153.
The principal values of the valence EFG, Wzz, 
can be estimated for both the Cu2+ and Ni2+ probes 
on the basis of the found valence contributions to 
the quad- rupole coupling constants, eQ(1 – R)
Wzz, and the known quadrupole moments of the 
probes. If a typical value of 0.7 is adopted for (1 
– R), then Wzz ≈ –30 е/Å
3 and Wzz ≈ –20 е/Å
3 for 
Cu2+ and Ni2+, respectively. Indeed, their absolute 
values and their approximate equality for different 
matrices require quantummechanical calculations, 
but negative signs can be explained in terms of the 
crystal field model.
In all the studied compounds, the nearest sur-
rounding of the copper lattice sites is the square 
of O2– ions [10–13]. In this case, the splitting in a 
strong crystal field results in that the 2zd  orbital has 
the lowest energy level and the 
2 2z y
d
−
orbital has the 
highest energy level. The electrons in these orbitals 
create valence EFGs on the nucleus with values of 
34
7zz
W e r−= − < >   and  34
7zz
W e r−= < > , respectively 
<r-3> is the average value of the inverse cube of the d 
orbital radius). The Ni2+ ion has the 4s23d6 electronic 
configuration, in which five d electrons form a semi-
filled spherical shell and the sixth one occurs on the 
lower free 2zd  level and creates Wzz< 0. The Cu2+ 
ion has the 3d9 configuration, which corresponds to a 
hole in the closed 3d shell at the upper 
2 2z y
d
−
 sublev-
el. At this sublevel, an electron would create Wzz > 0, 
while a hole creates Wzz < 0.
CONCLUSIONS
The emission 61Cu(61Ni) Mössbauer spectra of 
the dielectric Ca1–xSrxCuO2, Ca2CuO2Cl2, SrCuO2, 
Sr2CuO2Cl2, YBa2Cu3O6, La2CuO4, and Nd2CeCuO4 
metal-oxide complexes of divalent copper corre-
spond to the quadrupole and Zeeman interactions 
of the 61Ni nuclei with local fields at the copper lattice 
sites, whereas the spectra of the superconducting 
YBa2Cu3O7, La1.85Sr0.15CuO4, and Nd1.85Ce0.15CuO4 
metaloxide complexes correspond to the coupling 
of the quadrupole moment of the 61Ni nuclei with the 
electric field gradient tensor. For superconducting 
and dielectric metal oxides, linear dependences of 
the quadrupole coupling constants on the calculat-
ed values of the principal component of the tensor 
of the lattice electric field gradient at the copper 
lattice sites are observed on both the 61Ni nuclei 
(data of the emission Mössbauer spectroscopy on 
the 61Cu(61Ni) isotopes) and the 63Cu nuclei (data 
of the nuclear magnetic resonance on the 63Cu iso-
tope). This is explained by the fact that the valence 
contribution to the total EFG tensor at the copper 
lattice sites does not depend on the composition 
of the metal-oxide complex for both the 61Ni2+ and 
61Cu2+ probes.
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